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Abstract
In this work, we examine the possibility of using the diffuse supernova neutrino background (DSNB) to test the
Chaplygin gas (CG) models of the Universe. With a typical supernova rate RSN(z) and supernova neutrino spectrum
dN(Eν)/dEν, the DSNB flux spectrum n(Eν) in three categories of CG models, the generalized CG (GCG), modified
CG (MCG) and extended CG (ECG) models, are studied. It is found that generally the flux spectra take a form similar
to a Fermi-Dirac distribution with a peak centered around 3.80-3.97MeV. The spectrum shape and peak positions are
primarily determined by RSN(z) and dN(Eν)/dEν and only slightly affected by the CG models. However, the height of
the spectra in each category of the CG models can vary dramatically for different models, with variances of 13.2%,
23.6% and 14.9% for GCG, MCG and ECG categories respectively. The averaged total flux in each category are
also different, with the ECG model average 10.0% and 12.7% higher than that of the GCG and MCG models. These
suggest that the DSNB flux spectrum height and total flux can be used to constrain the CG model parameters, and if
the measured to a sub-10% accuracy, might be used to rule out some models.
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1. Introduction
The cosmological observation data, including type Ia
supernova (SN Ia) [1, 2, 3, 4, 5], cosmic microwave
background (CMB) [6, 7, 8, 9], baryon acoustic oscil-
lations (BAO) [10, 11, 12, 13, 14, 15], the observational
Hubble data (OHD) [16], implies the late-time cosmic
acceleration. The most popular explanation is that about
70% of the energy density of the Universe today are
dark energy. One of the simplest form of this energy
is the cosmological constant Λ which is used in the Λ-
cold dark matter model (ΛCDM) of the Universe. This
constant is characterized by the equation of state (EoS)
index w = −1, which is very consistent with the data
constrained value w = −1.03 ± 0.03 [17].
However, the theoretical origin of Λ has not been
understood yet. If it was the vacuum energy associ-
ated with particle physics then it is hard to explain the
huge gap between the theoretical and observed values
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[18, 19]. Thus alternative theories attempting to ex-
plain the late-time acceleration without using constant
dark matter are intensively studied. Broadly, these al-
ternatives can be classified into two categories. The first
category is usually inside the framework of general rel-
ativity and based on a particular form of matter/field,
such as quintessence [20, 21], k-essence [22, 23, 24] and
Chaplygin gas (CG) [25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40] or other fields/interactions.
The second category however modifies either the gen-
eral relativity or the homogenous and isotropic assump-
tion of the universe, such as f (R) theory [41], f (T ) the-
ory [42, 43], inhomogeneous models [44, 45] and other
models [46].
Among the first category, the CG models recently
have gained much attention. It started from the basic
CG model with simple EoS [26]
P = −A
ρ
(1)
where A is a positive constant and then evolved to the
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generalized CG (GCG) model with EoS [25]
P = − A
ρα
(2)
where 0 < α ≤ 1 in order for the Universe to en-
ter the stage dominated by the cosmological constant.
Currently, the simple CG model described by Eq. (1)
has been ruled out completely [47, 48]. Later on, the
EoS was further updated to the so-called modified CG
(MCG) form
P = Bρ − A
ρα
, (3)
which is essentially a combination of an ordinary fluid
obeying a linear barotropic EoS with the GCG fluid. It
is also possible to include fluid with constant, quadratic
or even higher power barotropic EoS [34, 35, 40] so that
the model becomes the extended CG (ECG) with EoS
P =
∑
i
Biρ
i − A
ρα
, (4)
where Bi are also constants. Clearly, setting proper con-
stants to zero in Eq. (4) will reduce it to (3), which
further reduces to (2) when B = 0 and then to (1) when
α is fixed to 1.
These various CG models, as well as the ΛCDM and
some other dark matter alternative theories mentioned
above, have been compared against observational data,
including SN Ia, CMB, BAO, OHD and other data. It is
generally found that all these models have some survival
region in their respective parameter space. However, the
question that which (kind of) CG models will be more
correct than other CG models, or whether the CG mod-
els are more or less favored by the data, is not answered
yet.
In this work, we discuss the possibility that these
(x)CG models can be further constrained by the future
diffuse supernova neutrino background (DSNB) mea-
surement, or even discriminated if the DSNB measure-
ment is accurate enough. When a star ends its life in the
form of a supernova, almost its entire mass is released
in the form of an enormous amount of neutrinos whose
average energy is at the order O(10) Mev level. Neu-
trinos from all supernovae in the history diffuse freely
in the Universe and form the DSNB. The evolution of
DSNB is influenced by how the Universe expands, just
like the CMB or the cosmic neutrino background [49],
but at a much higher energy level. With the fast de-
velopment of the neutrino observatory technologies and
increase of observatory size in recent years, the obser-
vation of DSNB could be in the reach of a few upcom-
ing neutrino experiments, such as JUNO [50], Hyper
Kamiokande [51] and some other experiments (see Ref.
[52] for a review).
In what follows, we first briefly discuss in section
2 the DSNB flux spectrum and the related core col-
lapse (CC) supernova rate (SNR) and supernova neu-
trino spectrum (SNS). In section 3 we summarize in de-
tails the aforementioned models and their correspond-
ing cosmologies which are characterized by the Hubble
parameters. We then use these inputs to compute the ex-
pected DSNB flux spectrum for each model in section 4.
It will be seen that for the parameters that are allowed
by other data, the corresponding DSNB flux spectrum
can differ by a large amount. Therefore if observed, the
DSNB should provide a new way to severely constraint
these models or even rule out some of them.
The idea of using DSNB to test cosmological mod-
els has previously been explored in Ref. [53] and Ref.
[54]. It was shown in the former that the GCG model
has a total DSNB event that is 20% larger than the
ΛCDM and holographic dark energy models, and in the
latter work that a bulk viscous matter-dominated uni-
verse can have larger total DSNB event than the ΛCDM
and Logotropic universe models. Our work differs from
them in a few ways. Firstly, these previous works com-
pared the total number of DSNB events of different
kinds of cosmological models, whose analytical forms
of the Hubble parameters are very different. While here
we mainly test the ability of DSNB to distinguish sub-
categories of the same broader kind of cosmological
model – the CG models. The difference between these
sub-categories is much smaller than that between the
cosmological models in the above references. There-
fore our work illustrates that the DSNB can be used to
discriminate models with more subtle differences. Sec-
ondly, in this work the effects of the variations in the
star formation rate (SFR), CC SNR and SNS to the fi-
nal DSNB spectrum are more thoroughly investigated
than in previous works. We altered not only the pa-
rameter values (see Eqs. (9) and (22), and temperature
change in Eq. (10)) but also the analytical forms of these
quantities (compare Eqs. (9) and (23), and Eqs. (10)
and (25)) to compute and discuss in details the resultant
DSNB spectra. In previous works, only some variation
of the parameters in one such quantities (CC SNR in
Ref. [53]) was computed. Thirdly, in our analysis, in
addition to the total DNSB event which was the main
quantity analyzed in previous works, we also analyzed
the peak positions of the DNSB spectra and showed that
they are primarily determined by the SNR and SNS but
not much affected by the cosmological models.
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2. The DSNB flux density
The spectrum of DSNB flux in the energy interval
[Eν, Eν + dEν] emitted in the redshift interval [z, z +
dz] can be calculated using the “line-of-sight” integral
method to be [55]
dnν(Eν) =
[
RSN(z)(1 + z)
3
] [
− dt
dz
dz
] [
dNν(E
′
ν)
dE′ν
dE′ν
]
(1+z)−3,
(5)
where E′ν = (1+ z)Eν is the neutrino energy at redshift z
which is now measured as Eν.
dNν(Eν)
dEν
is the effective
neutrino number spectrum for one supernova. RSN(z) is
the CC SNR at redshift z. The factors (1+z)±3 takes into
account the effect of Universe expansion to the volume
integral element. The term − dt
dz
is related to the Hubble
parameter by
− dt
dz
=
1
1 + z
1
H(z)
. (6)
The DSNB flux spectrum is obtained then by inte-
grating Eq. (5) with respect to the redshift
n(Eν) =
∫ ∞
0
[
RSN(z)
dNν(E
′
ν)
dE′ν
] [
1
H(z)
]
dz. (7)
Therefore clearly the DSNB flux (7) depend on the cos-
mological model H(z) very critically. Besides this, the
CC SNR RSN(z) and supernova spectrum
dNν(E
′
ν)
dE′ν
are
the other two components under the integral. For the
CC SNR RSN(z), it was thought that there were a prob-
lem of mismatch between it and the SFR [56]. However
recently a few promising solution have been proposed
including enhancing the initial mass function [57], re-
vised star formation history [58] and change of the stel-
lar mass ranges that end up as CC SNe [59]. After these
solutions, it appears that the current measured CC SNR
roughly reflect the true rate happens in the Universe.
Moreover, since our concentration here is on the effect
of cosmological models on the DSNB but not that of the
SNR or SFRs, we will direct adopt the CC SNR in Refs.
[60, 61], which is
RSN(z) = k · h2 · ψ(z) (8)
where k ≃ 0.0091 M−1⊙ is the number of stars per unit
mass that explode as CC SNe, h is defined as in H0 =
100h km s−1Mpc−1 and ψ(z) is the SFR given by Ref.
[58, 61]
ψ(z) =
A(1 + z)C
1 + ((1 + z)/B)D
[M⊙year−1Mpc−3] (9)
with A = 0.015, B = 2.9, C = 2.7 and D = 5.6.
For the single SNS, we only consider the anti-electron
neutrino spectrum because the main detection channel
in the observatories with good DSNB capabilities such
as JUNO or Hyper Kamiokande is the inverse beta de-
cay process ν¯e+P → e++n [50, 51]. This spectrum can
be approximated by the pinched Fermi-Dirac spectrum
[62, 63]
dNν(E
′
ν)
dE′ν
= Eν¯e,tot
120
7pi4
E′2ν
T 4
1
eE
′
ν/T + 1
, (10)
where we choose Eν¯e,tot ∼ 5 × 1052 erg to represent the
typical energy radiated away by the neutrinos during su-
pernova, T = 5 Mev is the radiation temperature [63].
In principle, both of the SNR RSN(z) and the neutrino
spectrum
dNν(Eν)
dEν
should depend not only on the red-
shift but also on other parameters such as the supernova
progenitor mass. The form (9) and (10) we used here
are in this sense averaged over other factors. The pa-
rameters in them therefore carry their own uncertainties.
However, as we will show in section 5 these uncertain-
ties will not lower the variation percentage of the resul-
tant DSNB spectrum height or total flux among different
CG models, and consequently the constraining power of
the DSNB to the CG models will not be lost.
3. The (x)CG models
For the MCG model with EoS (3), solving the energy
conservation equation one obtains the energy density of
MCG given by
ρMCG = ρ0,MCG
[
AS +
1 − AS
a3(1+α)(1+B)
] 1
1+α
≡ ρ0,MCG f (AS , B, α, a), (11)
where a is the scale factor in the Friedmann-Robertson-
Walker metric, AS = A/[(B + 1)ρ
α+1
0,MCG
] and ρ0,MCG is a
positive integration constant representing theMCG den-
sity today. Further assuming that the Universe is filled
with theMCG, regular baryonic matter and regular radi-
ation components ρMCG, ρb, ρr, and taking into account
the curvature effective energy density ρκ then the total
density ρt becomes
ρt = ρMCG + ρb + ρr + ρκ. (12)
Making use of the Friedman equation, the Hubble pa-
3
rameter is obtained as
HMCG =H0
{
(1 −Ω0,b − Ω0,r − Ω0,κ) f (AS , B, α, (1 + z)−1)
+Ω0,b(1 + z)
3 + Ω0,r(1 + z)
4 + Ω0,κ(1 + z)
2
}1/2
,
(13)
where we have used (1 + z)−1 to replace a and Ω0,i (i =
b, r, k) are today’s values of dimensionless energy densi-
ties of baryon, radiation and effective curvature respec-
tively. Most of the previous studies on the CG models
(see Tables 1 and 3) assumed that Ω0,r = Ωκ = 0 to sim-
plify the cosmological models. For the DSNB flux cal-
culation given by Eq. (7), there is one more reason that
they can be ignored: the neutrino spectrum (10) sup-
presses exponentially the contribution to the flux from
small a eras, while for the large a stage it is known that
the radiation density as well as the effective curvature
parameter are both small (Plank 2018 data yields a value
of Ω0,κ = 0.001± 0.002 [17]). Setting B = 0 in Eq. (13)
will produce the Hubble parameter for the GCG model
HGCG =H0
{
(1 −Ω0,b −Ω0,r −Ω0,κ)
×
[
AS + (1 − AS )(1 + z)3(1+α)
] 1
1+α
+Ω0,b(1 + z)
3 + Ω0,r(1 + z)
4 + Ω0,κ(1 + z)
2
} 1
2
.
(14)
While for the ECG models with EoS (4), the energy
conservation equation in the general case are not analyt-
ically solvable to obtain solutions like Eq. (11). Only a
handful of work are carried out with particularly chosen
nonzero Bi or A in the EoS (4) [64, 38, 40]. Here we
will only concentrate on the following three cases con-
sidered by Ref. [40] due to its explicit Hubble parameter
formulas that can be directly used by our calculations.
First when the sum in Eq. (4) has only two nonzero term
i = 1 and i = n, then denoting B1 = −A, Bn = B, the
EoS becomes
P = −Aρ + Bρn, (15)
and the corresponding Hubble parameter is solved to be
HECG1(z) =H0
{
(1 − Ω0,b −Ω0,r −Ω0,κ)
×
[
AS + (1 − AS )(1 + z)3(A−1)(n−1)
] 1
1−n
+Ω0,b(1 + z)
3 + Ω0,r(1 + z)
4 + Ω0,κ(1 + z)
2
} 1
2
,
(16)
in which AS , A are parameters converted from A, B and
n. When the EoS is given by
P = B
(
ρ + ρ2
)
− A
ρ1/2
, (17)
the Hubble parameter will be
HECG2(z) = H0
[
1 +
1
X2
(1 + z)[9(B+1)+15X
2B]/2
]
, (18)
where X is some effective parameter related to B in Eq.
(17). Finally when the EoS is
P = B
(
ρ + ρ2 + ρ3
)
− A
ρ1/2
, (19)
the Hubble parameter is
HECG3(z) = H0
[
1 +
1
Y2
(1 + z)[9(B+1)+15Y
2B+21Y4B]/2
]
.
(20)
Again, Y here is an effective parameter related to B in
Eq. (19).
The ΛCDM model we used to compare to the above
models is given by
HΛCDM = H0
[
Ωm(1 + z)
3 + ΩΛ
] 1
2
, (21)
where we take ΩΛ = 0.685, Ωm = 0.315 and H0 =
67.4 km s−1Mpc−1 [17].
As mentioned earlier, these models were constrained
using different combination of data sets and methods.
Consequently, the obtained values of parameters are
also slightly different even for the same kind of CG
models. Here we summarize the values of the param-
eters in the GCG models (Table 1), MCG models (Table
2) and ECG models (Table 3) according to the data sets
that were used.
4. The DSNB flux in (x)CG cosmologies
With the CC SNR (8), SFR (9), SNS (10) as well as
the cosmological models described by Eqs. (13), (14),
(16), (18), (20) and (21), we can now integrate Eq. (7) to
find the DSNB flux for all models with parameters listed
in Tables 1, 2 and 3. The results are shown separately
for the GCG, MCG and ECG models in Fig. 1 (a), (b)
and (c).
It is seen that for all models with different values of
parameters, the spectrum takes the shape similar to a
Fermi-Dirac distribution, with a single peak centered
around 3.80-3.97 MeV (the exact peak position of each
model is given in Tables 1-3). This suggest that the
shape of the spectrum, as well as the location of the
peak, is not primarily determined by the cosmological
model but other factors in the integral (7), namely the
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Table 1: The GCG model parameters in various references. See Ref. [36] for the Growth and σ8 data. The last two columns are the peak positions
and heights in Fig. 1(a) with units MeV and MeV−1cm−2s−1 respectively.
Model # α AS Data set Ref. P. P. P. H.
GCG1 0.4 0.83 CMB+Quasar+SN [27] 3.955 0.794
GCG2 0.1 0.77 CMB [28] 3.945 0.737
GCG3 0.00126 0.775 BAO+CMB+SN [65] 3.926 0.755
GCG4 0.141 0.819
BAO+CMB+Growth
+OHD+SN+σ8
[36] 3.932 0.770
GCG5 0.20 0.77 BAO+CMB+SN [37] 3.950 0.701
GCG6 -0.100 0.738 BAO+OHD+SN [38] 3.915 0.767
GCG7 -0.069 0.753 BAO+OHD+SN [38] 3.921 0.768
GCG8 0.023 0.7720 BAO+CMB+OHD+SN [39] 3.934 0.760
GCG9 0.4056 0.8846 BAO+CMB+OHD [40] 3.946 0.789
Table 2: The MCG model parameters in various references. See Ref. [31, 66] for the CBF data and Ref. [33, 36] for the Growth and σ8 data. The
last two columns are the peak positions and heights in Fig. 1(b) with units MeV and MeV−1cm−2s−1 respectively.
Model # α AS B Data set Ref. P. P. P. H.
MCG1 1.724 0.822 -0.085 BAO+CMB+SN [29] 3.964 0.638
MCG2 0.11 0.8 0.06 OHD [30] 3.973 0.702
MCG3 0.1079 0.7788 0.00189
BAO+CBF+CMB
+OHD+SN
[31] 3.951 0.741
MCG4 0.000727 0.782 0.000777 BAO+CMB+SN [32] 3.922 0.755
MCG5 0.002 0.769 0.008 Growth+OHD+σ8 [33] 3.935 0.744
MCG6 0.1905 0.8252 0.0046
BAO+CMB+Growth
+OHD+SN+σ8
[36] 3.943 0.762
MCG7 0.538 0.714 -0.166 BAO+OHD+SN [38] 3.891 0.769
MCG8 0.613 0.716 -0.176 BAO+OHD+SN [38] 3.890 0.769
MCG9 0.5218 0.9036 0.0067 BAO+CMB+OHD [40] 3.958 0.789
Table 3: The ECG model parameters in three cases. The last two columns are the peak positions and heights in Fig. 1(c) with units MeV and
MeV−1cm−2s−1 respectively.
Model # Parameters Data set Ref. P. P. P. H.
ECG1 AS = 0.9028, A = 0.0066, n = −0.5146 BAO+CMB+OHD [40] 3.957 0.789
ECG2 B = −0.037662, X = 2.83633 BAO+CMB+OHD [40] 3.795 0.907
ECG3 B = −0.00328, Y = 2.83641 BAO+CMB+OHD [40] 3.795 0.907
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Figure 1: The flux spectra in GCG models (a), MCG models (b) and ECG models (c). The flux spectrum in ΛCDM model is drawn in each subplot
using red solid line. See last two columns in each of the Tables 1-3 for the exact peak positions and heights.
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CC SNR and SNS. The cosmological models when lim-
ited by the range of the parameters in Tables 1-3 how-
ever, still can weakly affect the peak positions. This
point is reflected by the fact that for the ECG models,
especially the models ECG2 and ECG3 in Fig. 1 (c),
their peak positions are shifted to a slightly lower value
comparing to those of the GCG and MCG models. A
simple statistic analysis shows that the peak position av-
erage for the GCG models is 3.94±0.03 MeV. Average
peak position of the MCG models is found to be the
same as the GCG models, but that of the ECG models
is 3.85±0.09 MeV. Therefore the mean peak position of
the ECG models considered here is about 2.3% lower
than that of the GCG or MCG models. Note that the
neutrino observatory such as Juno can have an energy
resolution of 3%/
√
E/MeV [50] which is about 1.5%
around the peak energy here.
Unlike the spectrum shape or the peak positions, the
heights of the peaks are strongly affected by the cos-
mological models (see Tables 1-3 for the exact peak
height for each model). From Fig. 1 (a), it is seen that
the maxima of the DSNB flux spectra in different GCG
models can vary from 0.701 MeV−1cm−2s−1 to 0.794
MeV−1cm−2s−1, a difference about 13.2%. For the
MCGmodels, Fig. 1 (b) shows that the highest and low-
est of the peaks are respectively 0.638 MeV−1cm−2s−1
and 0.789 MeV−1cm−2s−1 with a difference of 23.6%.
The peak hight in different ECG models ranges from
0.789 MeV−1cm−2s−1 to 0.907 MeV−1cm−2s−1, which
corresponds to a difference of 14.9%. It is clear that the
DSNB flux spectrum height is very sensitive to the cos-
mological model, and this suggests that the future mea-
sured DSNB flux spectrum will be usable to constraint
the Chaplygin gas models. If this data is measured to an
accuracy of sub-10% level, then it might even be used
to tell which Chaplygin gas is more viable.
We also integrated the flux spectrum over energy to
obtain the total flux for each model and then averaged
over the same kind of models. It is found that for the
GCG models considered in Table 1, MCG models in
Table 2 and ECG models in Table 3, the average fluxes
are respectively about 6.80 cm−2s−1, 6.63 cm−2s−1 and
7.47 cm−2s−1. The former two are close to that of the
ΛCDM model given in Eq. (21) which is 6.72 cm−2s−1
and the ECG model flux is about 10.0%-12.7% higher
than them. Therefore the total flux can also be used
to constraint these models, even if the energy resolved
spectrum is not easily obtained in the initial stages of
the DSNB measurements.
Effects of model parameters
In this subsection, we will discuss how the constrain-
ing power of the DSNB fluxes might be affected by
the uncertainties of the model parameters. As men-
tioned earlier, these uncertaintiesmainly come from two
sources, the SFR which determines the CC SNR, and
the SNS.
First, the uncertainty of the SFR in Eq. (9) comes
from the diverse data of the SFRs obtained using differ-
ent methods. Ref. [67] after taking into account high
redshift data (4 ≤ z ≤ 10) updated the value of parame-
ters A to D in Eq. (9) to respectively
A = 0.01, B = 3.2, C = 2.6, D = 6.2. (22)
Such large changes, particularly the decrease of the
overall factor A (about one third), would inevitably
change (indeed decrease) the resultant DSNB spectra.
We did a separate and full calculation using the updated
SFR using the above new parameters. The result shows
that the general shape and ordering of DSNB spectrum
heights of CG models in each category are unchanged,
while the overall heights for all models are lowered by
roughly a quarter and the peak positions lowered by
about 2%. What is more important is that the percent-
age of relative difference between heights of various CG
models in each category or between different categories,
and the percentage difference of total flux among dif-
ferent categories, are quantitatively unaffected by this
change of the SFR.
It would be more interesting to see how the DSNB
spectra change when the SFR changes more dramati-
cally, i.e., a change of the analytical form rather than
only change of parameter numbers in Eq. (9). Hopkins
and Beacom used an SFR and SNR of the form
ψ(z) =
h(a + bz)
1 + (z/c)d
[M⊙year−1Mpc−3], (23)
RSN = k
′ · ψ(z) (24)
with a = 0.0170, b = 0.13, c = 3.3, d = 5.3, k′ =
0.00915 M−1⊙ for Salpeter initial mass function (IMF)
and a = 0.0118, b = 0.08, c = 3.3, d = 5.2, k′ =
0.0132 M−1⊙ for Baldry & Glazebrook (BG) IMF [68].
The SFR with Salpeter IMF leads to an SNR with a
maximum height that is 3.20 times that of the SNR in
Eq. (8). The location of the SNR maximum is also
shifted from z = 1.86 for Eq. (8) upward to z = 2.47 for
Eq. (24). The SFR with the BG IMF yields an SNR that
is quite close to the one using the Salpeter IMF, with the
maximum value only about 11% lower and the peak po-
sition unchanged. Therefore we will use only the SNR
obtained from SFR with Salpeter IMF in calculating the
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DSNB. The resultant DSNB flux spectra are shown in
Fig. 2 for various CG models. The peak positions and
heights corresponding to these DSNB spectra are sum-
marized in Table 4.
Comparing Fig. 2 to Fig. 1 and Table 4 to Tables
1-3, it is seen that for the new SNR, the peak heights
of the DSNB fluxes are enhanced by a factor of ∼ 3.1
for all CG models, and the peak positions are all shifted
downward from roughly Eν = 3.8 ∼ 4.0 MeV to about
Eν = 3.5 ∼ 3.7 MeV. The enhancement of the spectra
heights is easily understand because the height of the
SNR (24) is 3.20 times that of the SNR (8). The down-
shift of the DSNB peak positions is because the max-
imum of the new SFR is shifted to larger z while the
SNS in Eq.(7) and (5) exponentially suppress the large
z contribution. In other words, the SNR peak at larger z
forces the SNS to contribute more at smaller Eν and less
at larger Eν to the DSNB, which consequently leads to
the downshift of the DSNB peak positions.
Besides the above changes, we can also compare the
relative difference between different CG models in the
same category of or between different categories. Com-
paring Tables 1-3 to 4, it is seen that the relative order-
ing of the peak heights and positions of different models
in each category are not changed. Moreover, the differ-
ence between the maximum and minimum peak heights
in the GCG, MCG and ECG categories can still reach
13.1%, 23.6% and 17.3% respectively. These are almost
identical to the percentage difference obtained using the
old SNR (8) and SFR (9) (13.2%, 23.6% and 14.9% for
the GCG, MCG and ECG categories respectively).
For the SNS in Eq. (10), the uncertainty of the param-
eters originate from the low statistics of the SN 1987A
neutrino events and the uncertainty of supernova numer-
ical simulations. Aside from the total energy parame-
ter Eν¯e,tot whose variation will only result in an overall
factor in the DSNB spectrum, the neutrino temperature
T is observationally constrained to 4-6 MeV [63]. We
changed T in our calculation from 5 MeV to 4 and 6
MeV respectively. It is found that again, the overall
shape and ordering of heights of the DSNB spectra for
different CG models are unchanged, although the ab-
solute heights can be changed by about one half and
peak position is shifted downward or upward for about
one fifth. Moreover, similar to the effect of different
SFR, the difference among the DSNB spectrum heights
of various CG models in each category, as well as the
difference of total flux between different CG categories,
are still at the same percentage.
It is instructive to see how a more dramatic change of
the SNS will affect the DSNB spectra. For this purpose,
we also did a full computation for an improved SNS
given in the form [69, 70, 71]
dNν(E
′
ν)
dE′ν
=
Eν¯e,tot
〈E〉
E′α
Γ(α + 1)
(
α + 1
〈E〉
)α+1
× exp
(
− (α + 1)E
′
〈E〉
)
, (25)
where the average energy 〈E〉 = 3.15T and the spectral
index α is chosen to be 2.7 as a representative value.
This SNS takes into various neutrino interactions in the
SN explosion and therefore is more accurate [69]. Com-
paring to Eq. (10), SNS in Eq. (25) only increases
very slightly for E < 10 MeV and decreases slightly
for 10MeV < E < 20MeV (maximal difference is about
8%). Using this SNS, a new calculation found that the
DSNB flux spectra are also very slightly affected, with
the DSNB peak heights in all CG models increased by
about 1.6% and peak positions essentially unchanged.
Therefore the percentage of relative difference between
DSNB peak heights of different CGmodels in each cate-
gory or different categories was not affected by this new
SNS.
These suggest that although the uncertainties in the
SNR and SNS can affect the absolute value of the DSNB
spectrum and sometimes the position of the DSNB
peaks, the relative variance of the DSNB heights and
total flux between different CG models are independent
of the these uncertainties.
5. Discussions and Conclusion
Using a standard SNS and typical CC SNR, we ob-
tained the DSNB flux spectra in various GCG, MCG
and ECG models. It is found that generally the shape
and peak position of the flux spectrum is largely de-
termined by the SNS, SNR. Different CG models can
only cause a difference of 2.3% in the peak positions.
The spectrum height however depends strongly on the
Chaplygin gas model used to do the calculation. The
variance in peak heights among different GCG models,
MCG models and ECG models can reach respectively
13.2%, 23.6% and 14.9%. This suggests a great poten-
tial for the DSNB to constraint these models. The aver-
aged total flux for ECG models is 10.0%-12.7% higher
than the GCG and MCG models and therefore the total
DSNB flux can also be used to discriminate the Chaply-
gin models.
Although we consider this work mostly as a proof of
concept, it is also worthy to address the uncertainties of
the input parameters. It is found that change of SFR
parameters in Eq. (9) to Eq. (22), the change of its
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Figure 2: The flux spectra in GCG models (a), MCG models (b) and ECG models (c) using SFR Eq. (23) and SNR (24). The flux spectrum in
ΛCDM model is drawn in each subplot using red solid line. See Table 23 for the exact peak positions and heights.
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Table 4: The peak positions and heights with units MeV and MeV−1cm−2s−1 respectively of the GCG (1-3 columns), MCG (4-6 columns) and
ECG models (7-9 columns) obtained using the SFR in Eq. (23).
Model # P. P. P. H. Model # P. P. P. H. Model # P. P. P. H.
GCG1 3.686 2.454 MCG1 3.686 1.976 ECG1 3.670 2.444
GCG2 3.657 2.288 MCG2 3.701 2.166 ECG2 3.528 2.867
GCG3 3.641 2.350 MCG3 3.662 2.299 ECG3 3.528 2.867
GCG4 3.647 2.393 MCG4 3.638 2.350
GCG5 3.679 2.170 MCG5 3.649 2.311
GCG6 3.630 2.389 MCG6 3.657 2.367
GCG7 3.637 2.392 MCG7 3.600 2.406
GCG8 3.648 2.362 MCG8 3.599 2.408
GCG9 3.660 2.447 MCG9 3.670 2.443
analytical form to Eq. (23), the change of the SNS tem-
perature in Eq. (10) or its analytical form to Eq. (25),
will only result in a change of the overall DSNB flux
height or small shift of the peak positions. The gen-
eral shape of the DSNB spectra, the relative ordering of
both DSNB peak heights and positions, and moreover
the percentage of difference between DSNB spectrum
heights of various CG models in each category are not
much affected.
Finally, regarding the possible extensions of the
work, the following comments are in order. Although
in this work we used the Chaplygin gas models for
the cosmology, it is clear from the flux spectrum for-
mula (7) that for other cosmological models, such as
quintessence, k-essence theories, or evenmodified grav-
ity cosmologies, it is straight forward to compute a sim-
ilar DSNB flux spectrum and use it to constrain the
corresponding cosmological model. We are currently
working along this direction.
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